Inhibition of restenosis development after mechanical injury: a new field of application for malononitrilamides?
To investigate the efficacy of the malononitrilamide FK778 to prevent vascular smooth muscle cell (SMC) migration/proliferation, and vascular fibrosis, the key events in restenosis development using in vivo and in vitro studies. Since the high rate of restenosis after percutaneous transluminal coronary angioplasty limited its long-term success, the implementation of locally delivered antiproliferative/immunosuppressive agents became advantageous. Rats underwent balloon denudation of the abdominal aorta and received sirolimus, tacrolimus, or FK778 for 28 days in varying doses. Aortas were harvested for histologic evaluation, profibrotic gene expression, and organ chamber studies. Antifibrotic, antiproliferative and antimigratory effects of the immunosuppressants were further evaluated in vitro. Histology of untreated animals revealed marked intimal hyperplasia with moderate luminal obliteration. Neointima formation was dose-dependently attenuated by all three agents with FK778 and sirolimus being most efficacious. Organ chamber relaxation studies showed a leftward shift of the nitroglycerin and the acetylcholine dose-responses in all treatment groups, indicating diminished endothelial dysfunction. In vivo, only FK778 treatment revealed a significant downregulation of the TGF-beta/vasorin system which could be explained by upregulation of the TGF-beta-inhibitory mediator SMAD7. In vitro, FK778 showed most potent antiproliferative and antimigratory effects on SMC compared with sirolimus and tacrolimus. Only the antiproliferative effect of FK778 was due to pyrimidine synthesis blockade and could be reversed by uridine supplementation. The malononitrilamide FK778 proved highly efficacious against restenosis development by targeting two major components of intimal hyperplasia: SMC proliferation/migration and vascular fibrosis. Thus, the introduction of malononitrilamide-loaded stents may be a promising effort for future strategies.